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摘  要 
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Straight stable jet is utilized to fabricate patterned polymeric 
micro/nano-structure directly in the direct-writing technology based on near-field 
electrospinning, which provides a novel way for the low cost controllable fabrication 
and application of polymeric micro/nano-structure. The direct-writing ejection 
deposition behaviors, addressable deposition and patterned fabrication of polymeric 
micro/nano-structure are discussed in detail in this dissertation. 
Precise direct-writing platform is built up to direct-write solid nanofiber with 
diameter of 80~800nm and micro thin film with line width of 1~150µm. Based on the 
precise direct-writing platform, the dimater and line width evolutions of direct-written 
nanofiber and micro thin film, the matching rules between collector motion speed and 
nanofiber deposition, and the affect of collector conductivity on the deposition 
behavior of direct-writing nanofiber are investigated. These experiments have laid the 
foundation for the start/stop control of direct-writing and the precise size control of 
micro/nano-structure. 
The current of single jet ejection in near field electrospinning is measured real 
time. The process of nanofiber direct-writing can be divided into three stages 
according to the characters of electrospinning current: electrospinning current is 
oscillating at the starting ejection stage, and the characteristic peak current is 
400~1000nA; electrospinning current is slowly decreasing at the stable ejection stage, 
and the characteristic average current is 200~400nA; electrospinning current is 
quickly decreasing at the ending stage. Electrospinning current shows a good 
corresponding relationship with the diameter and diameter range of direct-writing 
nanofiber. Electrospinning current measurement presents a good online testing 
method for the direct-writing ejection process.  
The simulation model of direct-writing jet motion and deposition is built up 
based on the viscoelastic mechanics Maxwell theory. And then, the affect of collector 
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and deposition behavior of charged jet are analyzed by the simulation model. The 
calculated results are in good agreement with the experiments. The simulation results 
show that the instability bending of charged jet can be overcome when spinneret to 
collector distance is lower than 3mm in near-field electrospinning, and the stable jet 
can be used to fabricate patterned micro/nano-structure. The maximal velocity of jet 
fore-end ranges from 1m/s to 1.5m/s and the stretching ratio of jet ranges from 100 to 
200 in near field electrospinning, which are much smaller than the maximal velocity 
(3~4m/s) and stretching ratio(350~500) of jet in traditional electrospinning when 
spinneret to collector distance is larger than 60mm. The simulation work provides the 
theoretical foundations for controllable fabrication of polymeric micro/nano-structure.  
Automatic programming and collector driving software are developed to realize 
the patterned deposition of micro/nano-structures. The minimal deposition error of 
direct-writing pattern is 6.3µm. The deposition characters of direct-writing 
micro/nano-structure on the patterned silicon substrate are investigated. And then, the 
guidance deposition technology based on silicon micro pattern is developed to 
increase the deposition precision of direct-writing micro/nano-structure further (the 
deposition precision is better than 1µm).  
The jet behavior and position controlling technologies of direct-writing based on 
electrospinning have been studied in this dissertation, and the precise deposition and 
direct-writing pattern of polymeric micro/nano structure are realized. This work 
would accelerate the development and application of polymeric micro/nano system. 
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